Conformation of the 18-23 loop region of bovine prothrombin in the absence and presence of a model Ca2+ ion. An energy minimization study.
The conformation of the cyclic peptide Ac-Cys-Leu-Gla-Gla-Pro-Cys-NHMe, representing the 18-23 disulfide loop of bovine prothrombin, was studied by energy minimization with the ECEPP (Empirical Conformational Energy Program for Peptides) algorithm. Parameters for charge and geometry for the gamma-carboxyglutamic acid (Gla) residue were obtained for inclusion in the ECEPP data set. Construction of the 18-23 cyclic peptide, for which no crystal structure is available, was carried out by using a scheme that took advantage of the constraints imposed by the requirement of disulfide ring closure and utilized known low-energy structures of single residues and dipeptides. Both cis and trans isomers about the Gla 21-Pro 22 peptide bond were considered. The lowest-energy conformation found for the isolated 18-23 cyclic peptide with arbitrary reduction of the charge on the Gla residues (to simulate hydration roughly) is a trans form, differing in energy by 11 kcal-mol-1 from the lowest-energy cis form. However, when the energy calculation includes one model Ca2+ ion, X2+, introduced at a fixed distance of 2.3 A from a single oxygen atom of either of the side-chain carboxyl groups of Gla with the C delta-O-X2+ bond angle fixed at one of three values, the lowest-energy cis conformation is about 1 kcal-mol-1 lower in energy than the lowest-energy trans conformation; i.e. the two structures have similar energies. In these structures, four oxygen atoms, two from each Gla side-chain, approach the model Ca2+ ion closely, in a manner similar to that seen in crystals of calcium alpha-ethylmalonate (Zell, A., Einspahr, H. & Bugg, C.E. (1985) Biochemistry 24, 533-537). It appears that the binding of Ca2+ to the 18-23 cyclic peptide may alter the equilibrium between cis and trans structures such that the fraction of cis isomers is greater in the presence of Ca2+.